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(54) MAGNET AND PRODUCTION THEREOF 

(57)Abstract: 

PURPOSE: To provide an R-T-B based anisotropic magnet having high coercive force, 
remanent magnetic flux density and dimensional accuracy along with an R-T-B based 
anisotropic magnet excellent significantly in corrosion resistance. 

CONSTITUTION: A molding alloy comprising R (rare earth element), T (Fe, or at least one kind 
of Co, Ni or Cu and Fe) and B and containing a phase composed substantially of R2T14 is fused 
into an alloy rich in R and a molten allay is poured into a molted item of molding alloy powder 
thus producing a magnet. Corrosion resistance is enhanced significantly by a magnet containing 
a granular main phase composed substantially of R2T14B phase and a subphase surrounding 
the main phase wherein the subphase contains an R3Co phase and/or an RCu phase with the 
ratio of the subphase being set in the range of 20~40vol.%. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the good rare earth magnet and its manufacture 

approach of dimensional accuracy. 

[0002] 

[Description of the Prior Art] As a rare earth magnet which has high performance, the thing of 
energy product 32MGOe is mass-produced with the Sm-Co system magnet by powder-metallurgy 
processing. Moreover, R-T-B system magnets (T is Fe, or Fe and Co), such as a Nd2 Fel4B magnet, 
are developed in recent years, and the sintered magnet is indicated by JP,59-46008,A. A R-T-B 
system magnet has a cheap raw material compared with a Sm-Co system magnet. The powder 
metallurgy process (dissolution -> hardener casting -> ingot coarse-grinding -> pulverizing -> 
shaping -> sintering -> magnet) of the conventional Sm-Co system is applicable to manufacture of a 
R-T-B system sintered magnet. 

[0003] With the R-T-B system magnet, the BONDIDDO magnet which combined the magnet 
powder other than a sintered magnet with the resin binder metallurgy group binder is also put in 
practical use. Since the dimension in the case of shaping is maintained mostly, a BONDIDDO 
magnet has high dimensional accuracy and does not need configuration processing after ( 
manufacture. However, since the polycrystal particle which carried out rapid solidification using the 
single rolling method etc. is used for the BONDIDDO magnet of the R-T-B system industrialized as 
shown in JP,1-54457,B, it turns into an isotropic magnet (a maximum energy product 5 - lOMGOe 
extent). As shown in JP,4-20242,B, after carrying out optically uniaxial compression with a hotpress 
and carrying out densification of the powder which carried out rapid solidification as magnet powder 
for anisotropy BONDIDDO magnets, what performed optically uniaxial plastic working (Diapp set) 
at the elevated temperature, anisotropy-ized, and ground the obtained anisotropy green compact is 
proposed. However, this anisotropy-ized process will require time and effort, and a production cost 
will go up substantially. Moreover, elevated-temperature demagnetization will arise in the case of a 
hotpress and the Diapp set. In addition, although using the pulverized powder of an anisotropy 
sintered magnet for a BONDIDDO magnet is also considered, since coercive force and a remanence 
ratio will deteriorate extremely if a sintered compact is ground, the property as a magnet is not 
acquired. In addition, although the pulverized powder of the magnet object manufactured in casting / 
hot rolling process is also proposed as a raw material of an anisotropy BONDIDDO magnet, as well 
as the case where a sintered compact is ground since degradation of the coercive force by grinding is 
large, the charge of real lumber has not become. 

[0004] Thus, it is very difficult to anisotropy-ize, maintaining high coercive force with a 
BONDIDDO magnet. And since the rate of the magnet powder occupied to the whole magnet has a 
limit, it is difficult to obtain a high residual magnetic flux density. 

[0005] On the other hand, a high property is acquired in order to obtain an anisotropic magnet easily 
in order to fabricate in a field the powder which consists of a single crystal particle substantially in a 
R-T-B system sintered magnet, and not to use a binder moreover. However, in a sintering process, a 
Plastic solid contracts remarkably to sintering reaction time, and since the contraction is uneven, 
maintenance of the dimensional accuracy of a Plastic solid is difficult. This contraction changes with 
the amount of preferred orientation of the particle in a Plastic solid, dispersion of a consistency, etc. 
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In an anisotropy sintered magnet, contraction differs towards intersecting perpendicularly with the 
direction of an easy axis, and it. For example, the consistencies of a Plastic solid are 4.3 g/cm3. 
Solving, the consistencies after sintering are 7.55 g/cm3. Reaching, contraction will become about 
1 5% in a direction vertical to it about 22% in the direction of an easy axis, and will also contract 30 - 
40 volume % extent as a whole. 

[0006] If the pressure at the time of fabricating magnet powder is generally made high, the 
consistency of a Plastic solid will become high, contraction at the time of sintering will become low 
in connection with it, but contraction and deformation do not decrease, so that the dimensional 
accuracy generally demanded is satisfied. Especially this inclination is remarkable with a radial 
anisotropy ring-like magnet or a polar anisotropy ring-like magnet, and with these conventional 
anisotropy ring-like magnets, since the grinding of inner skin, a peripheral face, and a vertical side is 
needed regardless of compacting pressure, lowering of productivity, loss of the magnet ingredient by 
grinding, etc. arose, and it has caused the cost rise. 
[0007] 

[Problem(s) to be Solved by the Invention] The object of this invention has coercive force and a high 
residual magnetic flux density, it is offering a R-T-B system anisotropic magnet with good 
dimensional accuracy moreover, and other objects are that corrosion resistance offers a very good R- 
T-B system anisotropic magnet. 
[0008] 

[Means for Solving the Problem] Such an object is attained by this invention of following the (1) - 
(21). 

(1) R (R is at least one sort of the rare earth elements containing Y), T (T) The alloy for Plastic solids 
containing the phase which contains B and consists of R2 T14B substantially and it is Fe or is at 
least one sort of Co, nickel, and Cu, and Fe, R — containing — R2 T14B — R — the manufacture 
approach of the magnet characterized by carrying out infiltrating of the fused alloy for infiltrating to 
the Plastic solid of the powder of the alloy for Plastic solids using the rich alloy for infiltrating, and 
obtaining a magnet. 

(2) The manufacture approach of the magnet the above (1) that the melting point of the alloy for 
infiltrating is 1 000 degrees C or less. 

(3) The above (1) with the melting point of the alloy for infiltrating lower than the heat shrink 
initiation temperature of said Plastic solid, or the manufacture approach of the magnet of (2). 

(4) The manufacture approach of one magnet of above-mentioned (1) - (3) which carries out 
temperature up where said Plastic solid and the alloy for infiltrating are contacted, and fuses the 
alloy for infiltrating. 

(5) The consistencies of said Plastic solid are 4.0 g/cm3. The above (1) which it is above The 
manufacture approach of one magnet of - (4). 

(6) The manufacture approach of one magnet of above-mentioned (1) - (5) which manufactures the 
magnet whose relative density is 95% or more. 

(7) a Plastic solid - ** -- an alloy - R - 26 - 38 - % of the weight - B - 0.9 - three - % of the 
weight — containing — the remainder — substantial — T -- it is — the above— (— one — ) - (-- six — ) — 
either — a magnet — manufacture — an approach . 

(8) The manufacture approach of one magnet of above-mentioned (1) - (7) that Nd+Pr occupies 50% 
of the weight or more of R of the alloy for Plastic solids. 

(9) The manufacture approach of one magnet of above-mentioned (1) - (8) that Fe+Co occupies 50% 
of the weight or more of T. 

(10) the mean particle diameter of the powder of the alloy for Plastic solids — 0.1-50 micrometers it 
is ~ the manufacture approach of one magnet of above-mentioned (1) - (9). 

(1 1) The manufacture approach of one magnet of above-mentioned (1) - (10) that the alloy for 
infiltrating contains R 40 to 99% of the weight. 

(12) The manufacture approach of the magnet the above (1 1) that the remainder of the alloy for 
infiltrating is M (M is at least one sort of Fe, Co, nickel, Cu, aluminum, Sn, Ga, and Ag) 
substantially. 

(13) The manufacture approach of the magnet the above (12) that it changes to a part of M, and these 
sum total contents are 3 or less % of the weight of the alloys for infiltrating including at least one 
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sort of B, Si, and C. 

(14) The manufacture approach of one magnet of above-mentioned (1) - (13) that said Plastic solid is 
fabricated in a field. 

(15) The manufacture approach of one magnet of above-mentioned (1) - (14) which heat-treats at 
temperature higher than the melting point of the alloy for infiltrating to the Plastic solid after 
infiltrating. 

(16) The manufacture approach of the magnet the above (15) that the retention temperature in the 
case of said heat treatment is 800 degrees C or more. 

(1 7) It is R2 T14 B phase (R is at least one sort of the rare earth elements containing Y T) 
substantially. The main phase of the shape of a grain which is Fe or consists of being at least one sort 
of Co, nickel, and Cu, and Fe, R2 T14B — R — the magnet characterized by the rate of the subphase 
in a magnet being 20 to 40 volume % including an R3 Co phase and/or a RCu phase including the 
subphase which is rich and surrounds said main phase into a subphase. 

(1 8) The magnet of the above (17) with which Co of an R3 Co phase reaches in part at least, and a 
part of Cu [ at least ] of a RCu phase is permuted by Fe. 

(1 9) The above (1 7) by which a part of Co [ at least ] of an R3 Co phase is permuted by Cu, and a 
part of Cu [ at least ] of a RCu phase is permuted by Co, or (1 8) magnets. 

(20) A subphase is R3. A phase (Col-w-x Few Cux) (0.01<=w<=0.3, 0.01<=x<=0.3) and R (Cul -y- 
z Coy Fez) phase (0.01<=y<=0.3, 0.01 <=z<=0.3) are included. The magnet of the above (17) whose 
sum total content of these phases in a magnet the content of these phases in a magnet is one to 30 
volume %, respectively, and is 20 to 40 volume %. 

(21) The magnet of above-mentioned (17) - (20) which contains B for R 0.3 to 6% of the weight 30 
to 60% of the weight. 

[0009] 

[Function and Effect] It is reported in detail in various papers etc. that the coercive force of a Nd2 
Fel4B system sintered magnet is dependent on existence of Nd rich phase of a grain boundary. 
Therefore, it becomes important to sinter so that Nd rich phase may cover to homogeneity the crystal 
grain which consists of Nd2 Fel4 B phases, i.e., to make homogeneity distribute Nd rich phase in a 
sintered magnet. 

[0010] the Plastic solid of the powder which has the phase which consists of R2 T14B substantially 
in this invention — R — it carries out infiltrating of the rich alloy for infiltrating. Infiltrating in this 
case is infiltrating the fused alloy into a Plastic solid. To the powder of the alloy for Plastic solids, 
since wettability is very good, the opening between the particles in a Plastic solid is filled up with the 
alloy for infiltrating of the liquid phase for a short time. For this reason, R rich phase important for 
coercive force generating is not unevenly distributed in a magnet, and high coercive force is 
acquired. And the consistency of the magnet manufactured by infiltrating becomes equivalent to the 
consistency of the magnet sintered nearly thoroughly. If it puts in another way, the magnet which 
does not almost have the open hole which leads to the magnet exterior will be obtained. For this 
reason, sufficient rust-proofing effectiveness is acquired by nickel plating, resin paint, etc. like a 
sintered magnet. 

[001 1] Before and after infiltrating, since the dimension of a Plastic solid hardly changes, it does not 
need to perform the grinding process for size adjustment after infiltrating. Moreover, since the 
contraction difference resulting from anisotropy grant hardly arises even when the Plastic solid 
fabricated among the field is used, a magnetic crack and a magnetic crack can be prevented. 
[0012] the magnet manufactured by this invention — R — although magnetic properties become low 
rather than the conventional R-T-B system high density sintered magnet since the ratio of a rich 
grain boundary phase (subphase) is comparatively high, it becomes higher than the BONDIDDO 
magnet {(BH) max =about 15 MGOe(s)} of a Sm-Co system. And a R-T-B system magnet has a 
cheap raw material compared with a Sm-Co system magnet. Therefore, the magnet manufactured by 
this invention is suitable conventionally as a substitute of the Sm-Co system BONDIDDO magnet 
used for the application as which the height of dimensional accuracy is required. 
[0013] The magnet of this invention contains the main phase of the shape of a grain which consists 
of R2 T14 B phase, and the subphase which is R Rich and surrounds said main phase rather than R2 
T14B. In this subphase, an R3 Co phase and/or a RCu phase are contained. These phases raise 
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magnetic corrosion resistance. The magnet of this invention has the high rate that a subphase 
occupies, and since it can moreover do with the configuration in which these phases occupy most 
subphases, corrosion resistance becomes very good. Such a magnet can be easily manufactured by 
choosing the presentation of the alloy for infiltrating suitably in the manufacture approach of this 
invention mentioned above. 

[001 4] By the way, after carrying out press forming of the magnet powder in the approach of 
manufacturing a RFeB system magnet with powder-metallurgy processing, it considers as a porous 
sintered compact in a 400-900-degree C temperature requirement, and the approach of carrying out 
fixed time amount immersion of it at the melting alloy Ndx Fe 1-x (x=0. 65-0.85) is indicated by 
JP,3-80508,A. This approach aims at suppressing the deformation after sintering resulting from the 
anisotropy of the heat shrink by field orientation. However, if it heat-treats at 400-900 degrees C to a 
Plastic solid like an approach given [ this ] in an official report, magnetic properties will deteriorate, 
and magnetic properties equivalent to the magnet by this invention are not acquired. When heat- 
treating above 800 degrees C like the example of this official report, sintering progresses and it 
becomes impossible and to make contraction small like this invention. 

[001 5] Moreover, in the meta-RUBON dead magnet which used the metal (alloy containing simple 
substances, such as aluminum, In, Bi, Sn, Zn, and Pb, or these) of a low-melt point point for the 
binder, the particle which has coercive force usable as a magnet is only combined with the low-melt 
point point metal. Since the pulverized powder of a Nd2 Fel4B system casting alloy shows only the 
coercive force below 1 kOe extent, it cannot carry out [ magnet ]-izing by the same approach as the 
conventional meta-RUBON dead magnet. 
[0016] 

[Elements of the Invention] Hereafter, the concrete configuration of this invention is explained to a 
detail. 

[0017] In this invention, a magnet is manufactured by infiltrating the Plastic solid of the powder of 
the alloy for Plastic solids in the fused alloy for infiltrating using the alloy for Plastic solids, and the 
alloy for infiltrating. 

[001 8] The alloy for <alloy for Plastic solids> Plastic solids contains R (R is at least one sort of the 
rare earth elements containing Y), T (T is Fe or is at least one sort of Co, nickel, and Cu, and Fe), 
and B, and contains the phase which consists of R2 T14B substantially. Although what is necessary 
is just to determine the concrete presentation of the alloy for Plastic solids suitably in consideration 
of the presentation of the alloy for infiltrating etc. according to the magnet property made into the 
object, the remainder shall be T substantially about R, including 26 - 38 % of the weight, and B 0.9 
to 3% of the weight, and the remainder shall be T substantially 27 to 33% of the weight about R 
more preferably, including B 1 .0 to 1 .5% of the weight. 

[0019] Although R is Y, a lanthanide, and actinide, in order to obtain a high residual magnetic flux 
density, Nd and/or Pr are preferably used for it. One or more sorts other than these, such as Tb, Dy, 
La, Ce, Gd, Er, Ho, Eu, Pm, Tm, Yb, and Y, may be used. The thing of R of the alloy for Plastic 
solids for which especially Nd+Pr occupies 80 % of the weight or more 50% of the weight or more is 
desirable. Mixture, such as a misch metal, can also be used as a raw material of rare earth elements. 
The phase which is rich in iron when there are too few R contents in the alloy for Plastic solids 
deposits, high coercive force is no longer acquired, and if there are too many R contents, a high 
residual magnetic flux density will no longer be obtained. 

[0020] In an R2 T14B system sintered magnet, since a sintering reaction advances by R rich phase's 
turning into the liquid phase, and flowing, more generally than R2 T14B, raw material powder is 
made into R Rich, this invention — the Plastic solid in the end for Plastic solids of an alloy powder — 
R — since R rich phase for coercive force generating is formed in the perimeter of a particle in a 
Plastic solid by carrying out infiltrating of the rich alloy for infiltrating — the presentation of the 
alloy for Plastic solids — R2 T14B — R — don't suppose that it is rich. On the contrary, if R ratio of 
the alloy for Plastic solids is too high, the heat shrink initiation temperature of a Plastic solid 
becomes low, and in case it is infiltrating, contraction will become large a little. 
[0021] If there are too few B contents in the alloy for Plastic solids, high coercive force will no 
longer be acquired, and if there are too many B contents, a high residual magnetic flux density will 
no longer be obtained. 
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[0022] With the alloy for Plastic solids, the thing of T for which Fe+Co occupies especially 90 % of 
the weight or more 50% of the weight or more is desirable. If the ratio of Fe+Co in T is too small, 
when it magnet-izes, saturation magnetization will become small, and a high residual magnetic flux 
density will no longer be obtained. 

[0023] Moreover, it is desirable that Fe/(Fe+Co) is 70 % of the weight or more with the alloy for 
Plastic solids. When there was little Fe and it magnet-izes, a high residual magnetic flux density is 
no longer obtained. 

[0024] Although elements, such as aluminum, C, Si, Cr, Mn, Mg, Nb, Sn, W, V, Zr, Ti, and Mo, 
may be added for an others and coercive force improvement, a corrosion-resistant improvement, etc. 
of each above-mentioned element, if an addition exceeds 6 % of the weight, lowering of a residual 
magnetic flux density will pose a problem. 

[0025] In the magnet, unescapable impurities, minute amount additives, etc., such as oxygen besides 
these elements, may be contained. 

[0026] Since it is desirable that it is the diameter of crystal grain which serves as a single crystal 
particle when disintegration is carried out since it fabricates in this invention, carrying out 
orientation of the end for Plastic solids of an alloy powder in a field, but crystal grain should just be 
carrying out orientation within the particle even if it is a polycrystal particle, the diameter of average 
crystal grain is 3-600 micrometers. It can choose from the range where extent is large. 
[0027] the mean particle diameter of the powder of the alloy for Plastic solids - desirable — 0.1-50 
micrometers more — desirable ~ 1-10 micrometers it is . Since it will be hard coming to go up the 
consistency of a Plastic solid, and a high residual magnetic flux density will be hard to be obtained 
and the amount of oxygen in powder will increase if mean particle diameter is too small, high 
coercive force becomes is hard to be acquired depending on balance with the amount of the alloy for 
infiltrating used. On the other hand, if mean particle diameter is too large, the ratio of a polycrystal 
particle will increase and a high residual magnetic flux density will become is hard to be obtained. 
[0028] Especially the manufacture approach of the powder of the alloy for Plastic solids is not 
limited, but may use any, such as the approach of carrying out disintegration of the casting alloy by 
hydrogen absorption grinding etc., and a reduction diffusion method, and may use the thing which 
ground and carried out disintegration of the sintered magnet, or the grinding waste of a sintered 
magnet. Since the polycrystal particle which consists the sintered magnet anisotropy-ized by field 
orientation of grinding or crystal grain of a minor diameter by which orientation was carried out 
when carrying out grinding can be obtained, the magnet of a high residual magnetic flux density and 
high coercive force is obtained. Moreover, since grinding waste has many oxygen contents, the heat 
shrink initiation temperature when considering as a Plastic solid becomes high. For this reason, even 
when the alloy for infiltrating with the high melting point is used, contraction can be made small, 
and the degree of freedom of ingredient selection becomes large. 

[0029] the alloy for <alloy for infiltrating> infiltrating - R - containing - R2 T14B - R — it is a 
rich alloy. 

[0030] Since it is desirable that the temperature of a Plastic solid is also comparable as the alloy for 
infiltrating in case it infiltrates, temperature up also of the Plastic solid is carried out. Therefore, 
when temperature up of the melting point of the alloy for infiltrating is carried out to the melting 
point, contraction of a Plastic solid should just be settled in the range of desired. Although what is 
necessary is just to specifically determine experimentally, in using the above-mentioned alloy for 
Plastic solids, it makes 1000 degrees C or less into 700 degrees C or less more preferably. 
[0031] And the alloy for infiltrating with the melting point lower than the heat shrink initiation 
temperature of a Plastic solid is used to make contraction of a Plastic solid remarkably small. In 
addition, the heat shrink initiation temperature of the Plastic solid of the powder of the alloy for 
Plastic solids is temperature to which a Plastic solid starts contraction physically by liquid phase 
appearance, and it measures with a thermomechanical analysis machine (Thermomechanical 
Analyzer) etc. With the Plastic solid of the powder of the above-mentioned alloy for Plastic solids, 
although heat shrink initiation temperature changes with a presentation, programming rates, etc., it is 
usually about 650-1050 degrees C, for example, it is 5-10 degrees C / min. In the case where uniform 
temperature up is carried out, 29 or less % of the weight, then heat shrink initiation temperature can 
be made into 800 degrees C or more for the amount of R. 
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[0032] 300 degrees C or more of melting points of the alloy for infiltrating are more preferably made 
into 400 degrees C or more. If the melting point is too low, the amount of carbon residue in a magnet 
will increase from relation with the decomposition temperature of the organic substance, such as a 
wax used as lubricant or a binder, at the time of shaping, and coercive force will become low at it. 
Moreover, before the water of adsorption which the end for Plastic solids of an alloy powder has has 
fallen out, infiltrating will start, and coercive force lowering is caused also from this point. 
[0033] In addition, when the alloy for Plastic solids of a presentation almost equal to R2 T14B (at 
the time of R=Nd and T=Fe 26.7-% of the weight Nd-72.3-% of the weight Fe-1 .0 % of the weight 
B) is used, measurement may be difficult in not accepting heat shrink initiation temperature 
substantially. 

[0034] Although the presentation of the alloy for infiltrating is not limited especially, it is [ that what 
is necessary is just to determine that the melting point needed is obtained ] desirable that M (M is at 
least one sort of Fe, Co, nickel, Cu, aluminum, Sn, Ga, and Ag) is included in addition to R. As R, at 
least one sort of Nd, Pr, Dy, and Ce, especially at least one sort of Nd, Pr, and Dy are desirable. As 
M, at least one sort of Fe, Co, Cu, and aluminum, especially at least one sort of Fe, Co, and Cu are 
more desirable. 

[0035] R content of the alloy for infiltrating is 60 - 90 % of the weight more preferably 40 to 99% of 
the weight. If there is too little R, it will become difficult to make the melting point low, and the 
magnetic improvement effectiveness in coercive force will also serve as imperfection. Even if there 
is too much R or it is R simple substance, the melting point will become high too. In addition, as for 
the remainder, it is desirable that it is Above M substantially. However, it may change to a part of M, 
and at least one sort of the element of B, Si, C, or others may be added. However, as for the sum 
total content of these elements, it is desirable to carry out to 3 or less % of the weight of the alloy for 
infiltrating. Moreover, unescapable impurities and additional trace elements, such as oxygen besides 
these, may be contained. 

[0036] Although the alloy for infiltrating may be bulk-like and may be powdered, the alloy for 
infiltrating uses bulk-like a thing or coarse powder preferably, in order that many R contents may 
tend to oxidize. 

[0037] Especially the manufacture approach of the alloy for infiltrating is not limited, but may use 
any, such as casting and a melt quenching method. 

[0038] Although the powder of the alloy for <shaping> Plastic solids is usually pressed like magnet 
powder molding in the case of sintered magnet manufacture, it may perform injection molding, 
extrusion molding, etc. in this invention. In order to manufacture an anisotropic magnet, it fabricates 
in a field and orientation of the powder of the alloy for Plastic solids is carried out. 
[0039] Since a residual magnetic flux density usually becomes high so that a Plastic solid 
consistency is high although especially the consistency of a Plastic solid is not limited, Plastic solid 
consistencies are 4.0 g/cm3 preferably. They are 4.5 g/cm3 more preferably above. It considers as 
the above. 

[0040] It is not based on the height of a Plastic solid consistency, but relative density usually 

becomes 95% or more after infiltrating. The relative density in this case is the ratio of the 

consistency of the magnet to the magnet consistency when assuming that all the holes in a Plastic 

solid were filled up with the alloy for infiltrating manufactured actually. 

[0041 ] What is necessary is not to limit especially the compacting pressure in the case of 

compression molding, but just to determine suitably that the Plastic solid of a desired consistency is 

acquired. 

[0042] In addition, when performing injection molding and extrusion molding, in order to raise 
firmness, it is desirable to add a binder to the powder for Plastic solids. As a binder, although usually 
used for the powder-compacting magnet, the powder-compacting core, etc., you may be any, for 
example, a wax etc. can be used preferably. 

[0043] Magnetic field strength at the time of shaping is usually preferably carried out to more than 
15 kOe more than 10 kOe. The field impressed at the time of shaping maybe a direct-current field, 
or may be a pulsed magnetic field, and may use these together. The pressure impression direction 
and the field impression direction can apply this invention also to the so-called, vertical magnetic 
field fabricating method mostly in agreement also at the so-called horizontal magnetic field 
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fabricating method the pressure impression direction and the field impression direction intersect 
perpendicularly mostly. 

[0044] Shaping is usually performed below 50 degrees C, in order to avoid powdered oxidation. 
[0045] It performs <infiltrating> infiltrating by heating the alloy for infiltrating to more than the 
melting point. 

[0046] Although especially the heating means of the alloy for infiltrating is not limited but any, such 
as an electric furnace and a high-frequency-heating furnace, may be used, it is desirable to use a 
means, for example, an electric furnace, by which a Plastic solid can also be heated simultaneously. 
By heating a Plastic solid to temperature equivalent to the alloy for infiltrating, it can perform 
uniform infiltrating to a Plastic solid, 

[0047] Especially the concrete infiltrating approach is not limited. For example, any, such as an 
approach immersed in the melt of the alloy for infiltrating in a Plastic solid, and an approach of 
filling a Plastic solid with melt, the approach of dipping some Plastic solids in melt and sucking up 
in a Plastic solid, may be used. However, preferably, it is in the condition of having contacted the 
Plastic solid and the alloy for infiltrating, and the approach of fusing the alloy for infiltrating is used. 
It is desirable to lay the alloy for infiltrating on a Plastic solid, and to specifically fuse this. Although 
the approach immersed in the melt of the alloy for infiltrating in a Plastic solid may be used, after 
pulling up from melt, in order for the alloy for infiltrating to solidify all over the front face of a 
Plastic solid in this case, it is necessary to establish the process which carries out grinding of it and 
removes it. On the other hand, if only an initial complement lays the alloy for infiltrating on a Plastic 
solid and fuses it, since the alloy for infiltrating hardly remains in the Plastic solid front face after 
infiltrating or it only remains slightly on the Plastic solid top face, a process can be simplified. And 
by this approach, at the time of melting, since the alloy for infiltrating does not touch except a Plastic 
solid, it can prevent mixing of an impurity. 

[0048] Although what is necessary is just to use the alloy for infiltrating of a complement in order to 
fill the opening in a Plastic solid at least when using the approach of laying the alloy for infiltrating 
on a Plastic solid, a practical a little superfluous amount is used. In addition, the voidage of a Plastic 
solid is computable from a presentation and Plastic solid consistency of the alloy for Plastic solids. 
[0049] Although especially the gestalt that lays the alloy for infiltrating on a Plastic solid is not 
limited, for example, specified quantity weighing capacity of the debris of coarse powder or an ingot 
may be carried out and it may be laid, preferably, the coarse powder of the alloy for infiltrating is 
fabricated and this is laid. By using the alloy for infiltrating as a Plastic solid, management of the 
amount used becomes exact and easy. In this case, as for the Plastic solid of the alloy for infiltrating, 
it is desirable to have the underside of this dimension mostly by the shape of isomorphism with the 
top face of the Plastic solid of the powder of the alloy for Plastic solids. For example, in producing a 
ring-like magnet, it also makes the Plastic solid of the alloy for infiltrating into the shape of a ring. 
Thereby, it can carry out infiltrating to a Plastic solid to homogeneity more. In addition, the powder 
of the alloy for Plastic solids and the coarse powder of the alloy for infiltrating may be fabricated in 
one like 2 color shaping. 

[0050] Since the alloy for infiltrating of the liquid phase has the very good wettability to the end for 
Plastic solids of an alloy powder, it sinks into a Plastic solid promptly after melting. Therefore, if it 
only infiltrates, after heating to more than the melting point, it is not necessary to perform 
temperature maintenance but, and in order to raise coercive force and a residual magnetic flux 
density, it is desirable to continue temperature up further and to perform after infiltrating, heat 
treatment held to temperature higher than the melting point of the alloy for infiltrating. Although the 
retention temperature in this heat treatment changes also with melting points of the alloy for 
infiltrating, it is 900 degrees C or more more preferably 800 degrees C or more. However, in order to 
control the grain growth of R2 T14 B phase used as the magnetic main phase, as for retention 
temperature, it is desirable to consider as 1 100 degrees C or less. In this heat treatment, the time 
amount which performs temperature maintenance is 0.5 - 8 hours preferably. If this time amount is 
too short, the effectiveness by heat treatment will become inadequate, and if too long, the grain 
growth of R2 T14 B phase will become remarkable. Even if it performs such heat treatment, the 
Plastic solid after infiltrating is hardly contracted. 

[0051] In addition, the above-mentioned heat treatment may be performed once it lowers the 
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temperature after infiltrating. 

[0052] Aging treatment may be performed after infiltrating or the above-mentioned heat treatment. 
Aging treatment is heat treatment with retention temperature lower than the above-mentioned heat 
treatment, and can raise coercive force by aging treatment. 400-800 degrees C of retention 
temperature in the case of aging treatment are 500-700 degrees C more preferably. Moreover, the 
temperature holding time is 0.5 - 4 hours preferably. Although aging treatment is performed after the 
above-mentioned heat treatment after cooling, it can acquire effectiveness equivalent to aging 
treatment by cooling slowly in the temperature fall process of the above-mentioned heat treatment. 
[0053] In addition, in order to prevent oxidation of the alloy for infiltrating, and a Plastic solid, as for 
infiltrating and subsequent heat treatment, it is desirable to carry out in a vacuum or inert gas 
ambient atmospheres, such as Ar gas. 

[0054] <Magnet> The magnet manufactured by doing in this way has the main phase which consists 
of R2 T14B substantially, and the subphase which surrounds this main phase. A subphase is an R 
rich phase with high R ratio from R2 T14B. Although the rate of the subphase in a magnet changes 
with Plastic solid consistencies, it is usually 20 to 40 volume %. When the alloy for infiltrating 
containing Co and/or Cu is used, in a subphase, an R3 Co phase and/or a RCu phase are contained, 
and a subphase consists of only these phases substantially depending on the presentation of the alloy 
for infiltrating. 

[0055] Even when Co of an R3 Co phase reaches in part at least, a part of Cu [ at least ] of a RCu 
phase is permuted by Fe, when Fe is contained in the alloy for infiltrating, and Fe is not contained in 
the alloy for infiltrating, the permutation by such Fe is usually seen by diffusion from the main 
phase. 

[0056] Moreover, when the alloy for infiltrating is a thing containing Co and Cu, an R3 Co phase 
and a RCu phase are contained, a part of Co [ at least ] of an R3 Co phase is permuted by Cu, and a 
part of Cu [ at least ] of a RCu phase is permuted by Co. 

[0057] An R3 Co phase and a RCu phase show the effectiveness of raising magnetic corrosion 
resistance, and its effectiveness of a RCu phase is more high. And it is R3 as an R3 Co phase. When 
R (Cul -y-z Coy Fez) phase (0.01 <=y<=0.3, 0.01<=z<=0.3) is included as a RCu phase, including a 
phase (Col-w-x Few Cux) (0.01<=w<=0.3, 0.01<=x<=0.3), the corrosion-resistant improvement 
effectiveness becomes remarkably high. As for the content of these phases in a magnet, it is desirable 
that it is one to 30 volume %, respectively. And as for the sum total content of these phases in a 
magnet, it is desirable that it is 20 to 40 volume %. That is, as for a subphase, it is desirable to 
consist of only these phases substantially. In addition, although other phases, such as an R acid ghost 
phase, are contained in a subphase such even case, the ratio in the magnet of a phase besides these is 
below 5 volume % extent. The path of an R3Co phase or a RCu phase which appears in a magnet 
cross section is usually 50 micrometers. It is the following. 

[0058] Although a magnetic presentation is determined by the presentation of the ,alloy for Plastic 
solids, the presentation of the alloy for infiltrating, the ratio of these alloys, etc., it shall contain [ R ] 
B for R 0.6 to 1 .3% of the weight 35 to 45% of the weight more preferably 30 to 60% of the weight, 
including B 0.3 to 6% of the weight. In addition, the remainder is M originating in T and the alloy 
for infiltrating originating in the alloy for Plastic solids etc. 

[0059] In order to raise corrosion resistance, corrosion-protective covering may be prepared in 
<other> magnets with electropainting, non electrolytic plating, electrolysis plating, etc. of resin if 
needed. 

[0060] This invention is suitable for especially the manufacture of the anisotropy ring-like magnet of 

thin meat, or an anisotropy tabular magnet as which dimensional accuracy is required. 

[0061] 

[Example] Hereafter, the concrete example of this invention is shown and this invention is further 
explained to a detail. 

[0062] <Example 1> First, in Ar gas ambient atmosphere, the RF dissolution was carried out and the 
ingot of the alloy for Plastic solids was cast. The presentation of an ingot was used as the (30Nd- 
3Dy)-l .2B-remainder Fe with weight percent, the diameter of average crystal grain of this alloy 
ingot -- 120 micrometers it was . After carrying out mechanical grinding of this ingot in nitrogen- 
gas-atmosphere mind, nitrogen gas air-current grinding of it is carried out with a jet mill, and it is the 
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mean particle diameter of 4.5 micrometers. It considered as the end for Plastic solids of an alloy 
powder. 

[0063] It is 2 6t/cm to the direction which intersects perpendicularly this end for Plastic solids of an 
alloy powder in the direction of a field in the field of 15 kOe. The pressure was impressed and 
pressed and the Plastic solid of a lOmmxlOmmxlOmm cube configuration was acquired, the 
consistency of this Plastic solid — 5.20 g/cm3 it was . The heat shrink initiation temperature of this 
Plastic solid was in the range of 650-700 degrees C. 

[0064] Next, the alloy for infiltrating was manufactured by the arc dissolution in Ar gas ambient 
atmosphere. The presentation of the alloy for infiltrating was set to 85Nd-15Fe with weight percent. 
The melting point of the alloy for infiltrating was 650 degrees C. 

[0065] Subsequently, the alloy for infiltrating broken on several mm square was laid on the Plastic 
solid in the end for Plastic solids of an alloy powder. In addition, the amount of the alloy for 
infiltrating used was considered as the increase of 3 % of the weight of the amount of openings in the 
Plastic solid searched for by count. Temperature up of these was carried out to 950 degrees C in the 
vacuum with the electric furnace, and they were held for 2 hours. The alloy for infiltrating was fused 
near [ the ] the melting point, and sank into the Plastic solid. By carrying out temperature up again 
and holding at 620 degrees C after cooling, for 1 hour, aging treatment was performed and magnet 
sample No. 1 was obtained. 

[0066] Contraction of magnet sample No.l to a Plastic solid was 1.4% towards intersecting 
perpendicularly in the direction of a field 2.5% in the direction of a field at the time of shaping. The 
magnetic consistencies were 7.40 g/cm3 (98% or more of theoretical density), and were equivalent to 
the sintered magnet. For the residual magnetic flux density (Br), 9.1kG(s) and coercive force (HCJ) 
were [ 12.5 kOe and the maximum energy product {(BH) max} of the magnetic properties of sample 
No.l ] 19.7MGOe(s). 

[0067] The magnet sample was manufactured like the example 1 except the presentation of the alloy 
for <example 2> infiltrating being shown in a table 1 . All fuse the alloy for infiltrating shown in a 
table 1 by 950 degrees C, and the melting point of the alloy for infiltrating was 700 degrees C or less 
except for sample No.2-8, 2-10, 2-12, and 2-13. About these samples, the same measurement as an 
example 1 was performed. A result is shown in a table 1 . 



[0068] 
[A table 1] 
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Br 




(BH)max. 


No. 










(kG) 


(kOe) 


(MGOe) 


2-1 


90Nd-10Fe 


2.8 


1.7 


7.38 


8.9 


13.0 


18.9 


2*2 


60Nd-30Cu-10Fe 


2.0 


1.3 


7.42 


8.8 


8.3 


18.3 


2-3 


(65Nd-20Pr)-15Fe 


2.3 


1.7 


7.40 


9.0 


14.1 


19.4 


2-4 


(55Nd-l5Pr-lODy)-20Fe 


2.5 


1.8 


7.44 


8.8 


15.3 


18.5 


2-5 


80Nd-15Fe-bCo 


1.8 


0.9 


7.45 


9.1 


11.4 


19.7 


2-6 


(30Nd-10Pr-30Cel5La)- 


15Fe 2.7 


1.9 


7.39 


8.4 


16.1 


17.0 


2-7 


85Nd-14Fe-lAl 


2.5 


1.4 


7.36 


8.6 


13.6 


17.6 


2-8 


(60Nd-25Pr) -13Fe-2B 


3.6 


2.0 


7.40 


9.0 


11.4 


19.3 


2-9 


80Nd-20Co 


1.2 


0.1 


7.50 


9.2 


12.9 


20.2 


2-10 


80Nd-15Fe-5Sn 


6.5 


3.5 


7.43 


9.1 


11.8 


19.7 


2-11 


(56Nd-15Dy) -12Col7Cu 


2.2 


0.9 


7.56 


8.5 


12.0 


17.3 


2-12 


79Nd-20Fe-lC 


6.8 


2.7 


7.43 


9.8 


9.8 


22.6 


2-13 


78Nd-20Fe-2Si 


7.2 


3.8 


7.42 


10.0 


11.5 


23.6 


2-14 


76Nd-12Ni-12Cu 


0.6 


0.2 


7.50 


8.4 


10.0 


16.7 


2-15 


85Jfd-10Co-5Ni 


1.3 


0.3 


7.46 


8.9 


11.1 


18.8 


2-16 


81Nd-12Co-7Al 


0.1 


0.2 


7.25 


8.3 


11.9 


16.5 


2-17 


85Nd-15Ag 


1.5 


1.2 


7. 50 


9.1 


10.3 


19.6 


2-18 


71Nd-12Co-17Cu 


1.2 


0.4 


7. 50 


9.0 


12.3 


19.3 


2-19 


80Nd-15Co-5Ga 


0.8 


0.3 


7.49 


9.1 


12.4 


19.7 



[0069] The magnet sample was manufactured like the example 1 except the presentation of the alloy 
for <example 3> Plastic solids being shown in a table 2. All the heat shrink initiation temperature of 
the Plastic solid in the end of an alloy powder shown in a table 2 was 650 degrees C or more. About 
these samples, the same measurement as an example 1 was performed. A result is shown in a table 2. 

[0070] 

\A table 2] 









BS~ 
















95ft 


Br 


HCJ 


(BH) max. 


No. 


imm%) 






{g/OD S > 


frG) 


(kOe) 


(MGOe) 


3-1 


27Nd-72Fe-lB 


2.5 


1.4 


7.42 


9.7 


6.1 


22.0 


3-2 


(21Nd-6Pr) -62Fe-10Co-lB 


2.6 


1.4 


7.55 


9.5 


7.8 


21.3 


3-3 


(31Nd-1.5Tb) -6S.3Fe-l.2B 


2.3 


1.2 


7.43 


9.2 


10.2 


20. 1 


3-4 


<29.5Nd-2Dy) -67Fe-0.5Al- 


IB 2.4 


1.4 


7.45 


9.3 


10.6 


20.6 


3-5 


30Nd-68.5Fe-lBe-0.5C 


2.6 


1.6 


7.41 


9.2 


9.8 


20.0 


3-6 


33Pr-61Fe~5Ni-lB 


2.5 


J. 4 


7.40 


8.9 


11.4 


18.9 


3-7 


(26Nd-7Pr-3D!y) -62. 5Fe-l. ! 


5B 2.7 


1.5 


7.41 


8.5 


13.2 


17.4 


3-8 


40Nd-50Fe-8Co-2B 


2.8 


1.8 


7.48 


7.9 


11.7 


14.9 


3-9 


(42Nd-2.5Dy)-54.2Fe-1.3B 


2.6 


1.5 


7.44 


7.5 


13.9 


13.5 



[0071] The magnet sample was manufactured like the example 1 except having considered as the 
value which shows <example 4> compacting pressure in a table 3. About each sample, the same 
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measurement as an example 1 was performed. A result is shown in a table 3 
[0072] 





mm* 


















mm. 








Br 


UP 1 

jiLJ 


|f5fl} max. 


No. 


(t/cn) a ) 


Cg/cn*) 






(g/an 3 ) 


(kG) 


(kOe) 


(MGOe) 


4-1 






2.9 


1.8 


7 38 


7 2 


11 6 


12 4 


4-2 


1.0 


4.40 


2.8 


1.6 


7.40 


7.7 


11.4 


14.1 


4-3 


2.0 


4.70 


2.4 


1.4 


7.40 


8.2 


12.3 


16.0 


4-4 


4.0 


4.95 


2.5 


1.4 


7.41 


8.6 


11.9 


17.8 


4-5 


6.0 


5.20 


2.5 


L5 


7.40 


9.1 


12.5 


19.7 


4-6 


8.0 


5.40 


z.a 


1.6 


7.41 


9.4 


11.8 


21.1 


4-7 


10.0 


5.55 


2.4 


1.5 


7.41 


9.7 


12-4 


22.5 



[0073] In addition, in each above-mentioned example, all the relative density of each sample of the 
presentation of a sample was 98% or more 30 to 60% of the weight about R altogether, including B 
0.3 to 6% of the weight. 

[0074] The configuration of a subphase was investigated about the magnet sample shown in the 
Configuration of subphase> table 4. Sample No. 5-1 of a table 4, 5-2, and 5-3 were produced like 
sample No.l except having used the alloy for infiltrating shown in a table 4. 

[0075] Each sample of a table 4 had the main phase originating in the powder of the alloy for Plastic 
solids, and the subphase originating in the alloy for infiltrating. The rate of a volume ratio of the R3 
Co phase contained in a subphase, a RCu phase, R phase, and phases other than these is shown in a 
table 4. Each of these rates of a volume ratio is rates of a volume ratio to the whole sample. 
Moreover, the rate of a volume ratio of the whole subphase occupied in a sample was also shown in 
a table 4. These rates of a volume ratio were computed from the area of each phase measured using 
the scanning electron microscope photograph (presentation image) of a sample cross section. The 
cross-section photograph of sample No.2-1 8 is shown in drawing 1 . In drawing 1 , a black field is 
the main phase, a gray field is a RCu phase, and white fields are an R3 Co phase and an R acid ghost 
phase. For the R3 Co phase and RCu phase which appeared in the cross section of sample No.2-1 1 , 
2-18, and 5-1, a path is 20 micrometers. It was the following. SEM-EDX and EPMA were used for 
identification of each phase. 

[0076] About each sample shown in a table 4, in order to investigate corrosion resistance, the 
pressure cooker trial (120 degree C and 100%RH) was performed, and the weight variation per unit 
surface area of a sample was calculated after 100-hour progress. A result is shown in a table 4. In a 
table 4, the sign of weight variation is subtracted, because omission of the main phase arose by the 
intergranular corrosion near a sample front face. 
[0077] 



No. 


(mm) 




RaCo RCu R 


torn 


(mg/aii 2 ) 


2-11 


(56Nd-15Dy)-12Co-17Cu 


35 


13 


20 


0 


2 


-0.01 


2-18 


71Nd-12Co-17Cu 


36 


14 


19 


0 


3 


-0. 01 


&-1 


76Nd-3Fe-9Co-12Cu 


35 


18 


14 


0 


3 


-0.02 


1-1 


85Nd-15Fe 


34 


0 


0 


21 


13 


-53.67 


5-2 


86Nd-12Co-2Cu 


35 


25 


0 


8 


2 


-7.43 


5-3 


88.4Nd-ll.5Co-0.lB 


35 


19 


0 


14 


2 


-27.30 



[0078] Although the phase of "others" in the subphase shown in a table 4 was mainly Nd oxide 
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phase, it was what makes a NdFe phase a subject in sample No. 1-1 . 

[0079] As shown in a table 4, in sample No. 2-1 1 which have both an R3 Co phase and a RCu phase, 
2-18, and 5-1, it turns out that weight variation is remarkably small and corrosion resistance is very 
good. On the other hand, in sample No.5-2 which contain only an R3 Co phase excluding a RCu 
phase, and 5-3, corrosion resistance is low, and corrosion resistance is remarkably low at sample 
No.1-1 containing neither an R3 Co phase nor a RCu phase. 

[0080] In addition, in sample No.2-1 1,2-18, and 5-1 , a part of Co of an R3 Co phase is permuted by 
Cu and Fe, and a part of Cu of a RCu phase was permuted by Co and Fe. Specifically, the 
presentation of an R3 Co phase is R3 (Col-w-x Few Cux). 

It is alike, it sets, and is w**0.25 and x**0.23, and the presentation of a RCu phase is R (Cul-y-z 
Coy Fez). 

It was alike, it set and was y**0.10 and z**0.12. 

[0081] In addition, each sample shown in tables 1 -3 also has the main phase originating in the 
powder of the alloy for Plastic solids, and the subphase originating in the alloy for infiltrating, and 
each ratio of the subphase in a sample was in the range of 20 - 40 volume %. 

[0082] It is the 29Nd(s)- IB-remainder Fe (% of the weight) as an alloy for <comparison with partial- 
loss-by-fire join magnet> Plastic solids. 

It is the 85Nd(s)-remainder Fe (% of the weight) as ****** an( j an a ]] 0 y f or infiltrating. 
It performed ****** and infiltrating and magnet sample No. 6-1 was produced. However, heat 
treatment in the case of infiltrating was performed at 700 degrees C for 10 hours according to the 
example of JP,3-80508,A mentioned above. 

[0083] Moreover, after performing heat treatment to the Plastic solid used for sample No.6-1 at 400 
degrees C for 0.5 hours according to an approach given in JP,3-80508,A, it performed infiltrating 
like sample No.6-1, and was referred to as sample No.6-2. 

[0084] Magnetic properties were measured about these samples. Consequently, to sample No.6-1 
having been Br =8.6kG, HCJ=6.1 kOe, and (BH) max =13MGOe, by sample No.6-2, it is Br 
=8.2kG, HCJ=5.1 kOe, and (BH) max =1 lMGOe, and degradation of the magnetic properties by 
heat treatment of a Plastic solid was accepted. 

[0085] The effectiveness of this invention is clear from the result of the above example. 
[Translation done.] 
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JPO and NCIPI are not responsible for any 
damages caused k>y the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to the good rare earth magnet and its manufacture 
approach of dimensional accuracy. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] R (R is at least one sort of the rare earth elements containing Y), T (T) The alloy for 
Plastic solids containing the phase which contains B and consists of R2 T14B substantially and it is 
Fe or is at least one sort of Co, nickel, and Cu, and Fe, R — containing - R2 T14B — R — the 
manufacture approach of the magnet characterized by carrying out infiltrating of the fused alloy for 
infiltrating to the Plastic solid of the powder of the alloy for Plastic solids using the rich alloy for 
infiltrating, and obtaining a magnet. 

[Claim 2] The manufacture approach of the magnet of claim 1 that the melting point of the alloy for 
infiltrating is 1 000 degrees C or less. 

[Claim 3] The manufacture approach of the magnet of claims 1 or 2 with the melting point of the 
alloy for infiltrating lower than the heat shrink initiation temperature of said Plastic solid. 
[Claim 4] The manufacture approach of one magnet of claims 1-3 which carry out temperature up 
where said Plastic solid and the alloy for infiltrating are contacted, and fuse the alloy for infiltrating. 
[Claim 5] The consistencies of said Plastic solid are 4.0 g/cm3. The manufacture approach of one 
magnet of claims 1-4 which they are above. 

[Claim 6] The manufacture approach of one magnet of claims 1-5 which manufacture the magnet 
whose relative density is 95% or more. 

[Claim 7] The manufacture approach of one magnet of claims 1 -6 that the alloy for Plastic solids is 
[ the remainder ] T substantially about R, including 26 - 38 % of the weight, and B 0.9 to 3% of the 
weight. 

[Claim 8] The manufacture approach of one magnet of claims 1-7 that Nd+Pr occupies 50% of the 
weight or more of R of the alloy for Plastic solids. 

[Claim 9] The manufacture approach of one magnet of claims 1-8 that Fe+Co occupies 50% of the 
weight or more of T. 

[Claim 1 0] the mean particle diameter of the powder of the alloy for Plastic solids — 0.1-50 
micrometers it is — the manufacture approach of one magnet of claims 1-9. 

[Claim 11] The manufacture approach of one magnet of claims 1-10 that the alloy for infiltrating 
contains R 40 to 99% of the weight. 

[Claim 1 2] The manufacture approach of the magnet of claim 1 1 that the remainder of the alloy for 
infiltrating is M (M is at least one sort of Fe 3 Co, nickel, Cu, aluminum, Sn, Ga, and Ag) 
substantially. 

[Claim 1 3] The manufacture approach of the magnet of claim 12 that it changes to a part of M, and 
these sum total contents are 3 or less % of the weight of the alloys for infiltrating including at least 
one sort of B, Si, and C. 

[Claim 1 4] The manufacture approach of one magnet of claims 1-1 3 that said Plastic solid is 
fabricated in a field. 

[Claim 1 5] The manufacture approach of one magnet of claims 1-14 which heat-treat at temperature 
higher than the melting point of the alloy for infiltrating to the Plastic solid after infiltrating. 
[Claim 1 6] The manufacture approach of the magnet of claim 1 5 that the retention temperature in the 
case of said heat treatment is 800 degrees C or more. 

[Claim 1 7] It is R2 T14 B phase (R is at least one sort of the rare earth elements containing Y T) 
substantially. The main phase of the shape of a grain which is Fe or consists of being at least one sort 
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of Co, nickel, and Cu, and Fe, R2 T14B - R -- the magnet characterized by the rate of the subphase 
in a magnet being 20 to 40 volume % including an R3 Co phase and/or a RCu phase including the 
subphase which is rich and surrounds said main phase into a subphase. 

[Claim 1 8] The magnet of claim 1 7 with which Co of an R3 Co phase reaches in part at least, and a 
part of Cu [ at least ] of a RCu phase is permuted by Fe. 

[Claim 19] The magnet of claims 17 or 1 8 with which a part of Co [ at least ] of an R3 Co phase is 
permuted by Cu, and a part of Cu [ at least ] of a RCu phase is permuted by Co. 
[Claim 20] A subphase is R3. A phase (Col-w-x Few Cux) (0.01<=w<=0.3, 0.01<=x<=0.3) and R 
(Cul-y-z Coy Fez) phase (0.01<^y<=0.3, 0.01<=z<=0.3) are included. The magnet of claim 17 
whose sum total content of these phases in a magnet the content of these phases in a magnet is one to 
30 volume %, respectively, and is 20 to 40 volume %. 

[Claim 21] The magnet of claims 17-20 which contain B for R 0.3 to 6% of the weight 30 to 60% of 
the weight. 



[Translation done.] 
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©ififig t figff^^a t A» » fflf -5 r t # X- 1 Z o 
[0 04 9] «fSffl^A«:riag#:±l-*Bi-«m<if44* 
icps^^^-f, fiajxli, W6&>(v*y hco#>r^0f^ 



11 

5. 4*3, 2&f&mkmwucLx. immm 
[0050] mm<Dmmm&&\tmrMm&MhMz-tt 

453^ £f£L< (4 8 0 0°CW±, 4 L< (4 9 0 

0°C&.±.Xh% o fc/cU l5©±ffii^5R: T« B 
ft ffl-tZ>tctb{^ 1 0 0 

"cut t-n>c\timi^\ ^(Dm&mic^^x. m. 

tst A,ifi&|gL4v\, 

[0051] 4*5, ±iBsa^a«, ?gasc{^of^i§ 
[0052] £fcf4±teiMaM, h#$jMji£ 

[14 0 0-8 0 0^ 4 9£jp* L< (4 5 0 0~7 0 CC 

■cfea. iaftft«f«rw»±, $f*L<(4o. 5~4 

fl*Hfl-efc5. B*3M!HSIi, ±E*M0.a«» ftiPLfcgHC 

j&i-#, ±mt&fam<»feM. : i§ l n\zte^x&%}-f5z\k\c 

[0053] 4*5, MB:&£rf J t<n&<nm&mte, MW: 
m £-fe*5 £ T/fiJ9£flE©Hfl; 4rKCfcJ6(^ * * fc (4 

a r xxmo^m&tfx^m^xnte ?z.t tm*. l 

[0 0 5 4] <MG>c\<D£ 0\Cl,XWkl&&ix1tMft 
(4, IfcfltWfcRi Th BfrbMf&£tl%±1®k, r©i 
ffiSr-afflf^BlttiSrWi"*. SJfttt, R* Tm Bit) 

(4, j*J8{W&£teJ:o-tI*43#, »fK\ 2 0-4 Oft: 

m%xhz>o c o*5it//*fcttc u s-^W-t-^i^gffl 

(4r c uffi^^tt, mw:Ri'fr&<nmf&\z£-oxiwm 

[0 0 5 5] MMldF e^tSilt^fci^l; 



(7) ift^^ 7-2 8 3 0 1 6 

12 

(4, R 3 Coft©Co©'>)'i<i:fc-gpfcJ;OtRCuffi 

±ta*»6>©tt;*lcJ:»), afiT, rro454F e(c4*e 
[0 0 5 6] Sfc, »«ffl^asco*s±trcuS:^ 

i-%i><DXh^tzb #{Cf4, R 3 CoWitfRCuffi 
iSS^Sil, R 3 C offiOC otf>4>4< ti>— ffifrCuX- 
g&£*l/r*5»K RC uf@»C u tf>'>4< £ 1— SP^c 

io o-c-g^^nrvN^, 

[0 0 5 7] R 3 C offifc^t/RCufflte^StfJffl&te 

*|R]±$-£58!l&4r*U RCuffi©a*^J:fJiltV\ 
■tLt, Rs CoSHTR, (Co,^ Fe. Cu 
, ) *B (0. Ol^w^O. 3. 0. 01^x^0. 
3) ^oRCutliLTR (Cu,-,-, Co, 

Fe, ) ft (0. Ol^y^O. 3, 0. OlSzg 

o. 3) fcfrtffcfKft, »<fcttfa±$MB:B3rL<il[< 

20 (C*D(t5rtlt.fi0ffiW-^th-aW^(4, 2 0~4'0M% 

»4 5 4^T"b, MffitettRSftfc»ffi«9t©fl&©ffi#3' 

SWTT-fcSo i^IC^^R. C offi^RCuH 
C0^(4, ii^, 5 0(im «Ttfc5„ 
[0 0 5 8] «5©fi^Ht, ^ft=ffl-a-^«)iftj*, *S 

$f*L<(4, R5r3 0~6 0a*%, B 0 . 
30 3~6m*%^tfb©t L, ± 9»*L< (4, R?r3 5 
~4 5li% B^rO. 6~1. 3fii%#tf t>K>iri" 
S„ 4*5, «35(4, 5T*5irWS 

sffl -a-^ ic s *-r s m 4 if x fe s o 

[0 0 5 9] <*©fl&>«5fcf4» W^tt^rfii±$-yr5 

fcfeic, ■&m\z.f&zxmm<onM^ j ¥. iti»»ot 

*$ «t £5/ * fc HtB* » o * 4f fc: ± 0 56 A*« 4r i« tt ■ C fc 
[0 0 6 0] *mwii, ^-j£»ft*sS*$*tS3»fi©» 

40 fe5„ 

[0 0 6 1 ] 

[HHfi»|] «T, *3S0^cD^ft:W^J£0i]%*t, 

[0 0 6 2] <H«0iJl>4T, mBfcm&&<Dj^=t 

(3 0Nd-3Dy) -1. 2B-^g|5Fe 
t Lfc 0 IwM'f h 12 0 



(8) 

13 

[0 0 6 3] KD^ftffl-^^t, 1 5 k0eCO^# 
*T\ a#*(^]^il:^i-5^{C6t/cni 2 <Dj±t>Z$lto 
L,XEEMl$]&l^ 1 OnunX 1 OmraX 1 OmraroicWW^ 
<Dl$MW-*nt^ ^(DfoBfo<D!&m*. 5. 2 0g/cm 3 
-C-fcofc r(0^c^<DUURSIM^aS«, 6 5 0-7 
0 0°CcO®|S(Cfco7t 0 

[0 0 6 4] Jfcfc, A r ^^.^H^^-C'T— ^^(C<t 

>>&«ja-g-&£®B£Lfc 0 S*W 10 

85Nd-l 5Fe 

i: Lit a 6 5 0 < CT*fcofc <> 

[0 0 6 5] ^ff^ffl^^CO^ff^i^, 

9 5 Ottt-fliSL, 2R#ra^L/c: 0 ^Sffl^i, 



¥7-28 3016 



14 



*fftf#i&L-C6 2 oleic £KJ;9i$#) 

[00 6 6] J$^ttl-#i-5^&^>:7 , 7PNo. 1 CQIiXifS 

j£7PfW$t##ia]T'2. 5%, MftJjfa\z\S.5z-t 
-5^-(Sj-C*l. 4%T*fcofc <> a^»^Si*7. 40g/cm 

3 mwa®&<D9 8%U±) xh<o, j^ers i: [i^-e 

(Br ) AS 9. lkG, fiHBtfj (HC J) #1 2. 5 kO 
e, S^^^— ^ {(BH)max } #1 9. 7MG0e-Cfc 

[0 0 6 7] <HH0iJ 2 >^affl£-#»|&j&&* 1 

£S«£Lfc„ * i ic^-t-^gffl-a-^tt-r^-c^ 9 5 o t 

"^i/^U-No. 2-8, 2- 
10, 2-12, 2- 1 3£|&#, |gaffl-a-&©Sfc£li 

[0 0 6 8] 
[*1] 















rfymnit t lit 












mm 


Br 


HCJ ! 


(68) max. 


No. 








(g/cm 3 ) 


m 


We) 




2-1 


90NdlOFe 

> 


2.8 


1.7 


7.38 


8.9 


13.0 


18.9 


2-2 


60Nd-30Cu-10Fe 


2.0 


1.3 


7.42 


8.6 


8.3 


18.3 


2-3 


(65Nd-20Pr)-15Fe 


2.3 


1.7 


7.40 


9.0 


14.1 


19.4 


2-4 


(55Nd-lSPr-10Dy)-20Fe 


2.5 


1.6 


7.44 


8.6 


15.3 


18.5 


2-5 


80Hd-15Fe-6Go 


1.8 


D.9 


7.45 


9.L 


11.4 


19.7 


2-6 


(30Nd-10Pr-30Ce-15La) - 


15Fe 2.7 


1.9 


7.39 


8.4 


16.1 


17.0 


2-7 


85Nd-14Fe-lAl 


2.5 


1.4 


7.35 


8.6 


13.6 


17.6 


2-8 


(60Nd-25Pr) -13Fe-2B 


3.6 


2.0 


7.40 


9.0 


11.4 


19.3 


2-9 


80Nd-20Co 


1.2 


0.1 


7.50 


9.2 


12.9 


20.2 


2-10 


80Nd-15Fe-5Sn 


6.5 


3.5 


7.43 


9.1 


11.3 


19.7 


211 


(56Nd-15ny)-12Co-170i 


2.2 


0.9 


7.56 


8.5 


12.0 


17.3 


2-12 


79Nd-20Fe~lC 


6.8 


2.7 


7^43 


9.8 


9.8 


22.6 


2-13 


78Ntf-20Fe-2Si 


7.2 


3.8 


7.42 


10.0 


a. 5 


23.6 


2-14 


76Nd-12Ni-12Cu 


0.6 


0.2 


7.50 


6.4 


10.0 


16.7 


2-15 


85Nd-10Co-5Ni 


1.3 


0.3 


7.46 


6.9 


11.1 


18.8 


2-16 


81M-12C6-7A1 


0.1 


0.2 


7.25 


8.3 


11.9 


16.5 


2-17 


85Nd-15Ag 


1.5 


1.2 


7.50 


9.1 


10.3 


19.6 


2-18 


71Nd-12Co-17Cu 


1.2 


0.4 


7.50 


9.0 


12.3 


19.3 


2-19 


8QNd-15Co-5Ga 


0.8 


0.3 


7.49 


9.1 


12.4 


19.7 



[0 0 6 9] <mM&l 3 >f&&fcm&&(Dmf£$:0: 2 IC 



£S 2 f^-fo 
[0 0 7 0] 
[*2] 



(9) W7-2 8 3 0 1 6 

15 16 







UUi tl |_. 


&(%) 


HBO 




OSOfrtt 








ffi5Ur 




SSI 


Br 


HCJ 


(BH)nax 


Mr* 

no. 


y BH?p ) 


TO 






UCLiJ 


Ucue) 


(MOOe) 


3-1 


27Nd-72Fe-lB 


2.6 


1.4 


7.42 


9.7 


6.1 


22.0 


3-2 


(21Nd-6Pr) -62Fe-10Co-lB 


2.6 


1.4 


7.56 


9.5 


7.8 


21.3 


3-3 


(3lNd-1.5Tb) -66. 3Fe-1.2B 


o - o 


1.2 


7.43 


9.2 


10.2 


20.1 


3-4 


(29. 5Nd-2Hy) -67Fe-0. 5A1-1B 


2.4 


1.4 


7.45 


9.3 


10.6 


20.6 


3-5 


30Nd-68.5Fe-lBe-0.5C 


2.6 


1.6 


7.41 


9.2 


9.8 


20.0 


3-5 


33Pr-61Fe-5Ni-iB 


2.5 


1.4 


7.40 


8.9 


11.4 


18.9 


3-7 


(26Nd-7Pt-3lV)-62. 5Fe-l. 5B 


2.7 


1.5 


7.41 


8.5 


13.2 


17.4 


3-8 


40Nd-50Fe-8Co-2B 


2.8 


1.8 


7.48 


7.9 


11.7 


14.9 


3-9 


(42Nd-2.5Dy)-54.2Fe-1.3B 


2.6 


1.5 


7.44 


7.5 


13.9 


13.5 



[0 0 7 1] <Hi£0IJ4 3 (C^-fffii L * ofc„ 'tf£&*m 3 ic^-f „ 

fcsxft-ummw i tmm^~Lxm^^>^^^m^L- [0072] 
tz a #f-^^Hco^r, mmmi tmmmfezftte* 1*3] 



















• 














Br 


ECJ 


(BH) max. 


No. 


(t/Cffl a ) 


(g/cm a ) 






(g/Ctt*) 




(kOe) 


(MQOe) 


4-1 


0.5 


4.15 


2.9 


1.8 


7.38 


7.2 


11.6 


12.4 


4-2 


1.0 


4.40 


2.8 


1.6 


7.40 


7.7 


11.4 


14.1 


4-3 


2.0 


4.70 


2.4 


1.4 


7.40 


8.2 


12.3 


16.0 


4-4 


4.0 


4.95 


2.5 


1.4 


7.41 


8.6 


11.9 


17.8 


4-5 


6.0 


5.20 


2.5 


1.5 


7.40 


9.1 


12.5 


19.7 


4-5 


8.0 


5.40 


2.8 


1.6 


7.41 


9.4 


11.8 


21.1 


4-7 


10.0 


5.65 


2.4 


1.5 


7.41 


9.7 


12.4 


22.5 



[0073] tas^ ±te#3U&0!itc3o^-c, *r^-7)v<r> 

Mlit'<tRSr3 0~6 0li%, B&O. 3~6i 
9 8%£X±X&-?tz 0 

[0074] <wm<Dm^>m4\z.7ji-rm^^>^Mz. 

1, 5-2, 5 — 3 f±, ^4^-r^gffl-a-^^rfflV^c 

[0075] m4<D&y->-7M*, tfmfom&&<D®3L 



C otafcil/R^fb^lffiT-fcSo IhV^UNo. 2-1 
1, 2-18, 5- 1 <Dffimcm.t>frtzR 3 Coffilb'J: 

(Cli, SEM-EDX&ilFEPMAS-fflWc 
[0 0 7 6] ^4|d*1-#f->'7 B >'H-oV>T, »&tt£r 
IS^S^fetcyu-y v--v — ^ 5/*— ^ (12 0t:- 1 

oo%rh) &ftt£\<\ 1 0 omm&w&\z\, -V-^Zf/U 
<D&&mMmhtz<o (Dmmmikmzxtbtz, &$kz$i4 

tf>Jft&#£ ctztzlbXh -5c 
[0 0 7 7] 
1314] 



1 : ^ . 

» 



(10) #M¥7-2 8 3 0 1 6 

17 1 8 



No. 






RaCo 


RCu 


R 






2-11 


(56Nd-15Qy)-12Co-170i 


35 


13 


20 


0 


2 


-0.01 


2-18 


71Nd-12Co-17Cu 


3S 


14 


19 


0 


3 


-0.01 


5-1 


76Nd-3Fe-9Co-12Cu 


35 


18 


14 


0 


3 


-0.02 


1-1 


85Nd-15Fe 


34 


0 


0 


21 


13 


-53.67 


5-2 


86Nd-12Co-2Cu 


35 


25 


0 


8 


2 


-7.43 


5-3 


M.4Nd-ll.SGHUB 


35 


19 


0 


14 


2 


-27.30 



[0 0 7 8] m4\Z7frtgfm$KD r^-<OfllJ Officii, 

[0 0 7 9] ^4lvl^$nS £ R 3 CofSfcil/ 

RCu1fco^^^ri--5f->'7 0 >'UNo. 2-11, 2-1 

&#£-fR 3 C oWzn^ts-f^JV^o. 5-2, 5 

-3Ti±, m-kmm<t£oxt$<o , r 3 cota&jctf 20 

RCuffiro^Tfrfc^S&V^^TVuNo. 1-1 "Cli, 

[0 0 8 0] ftfc, ir^TVUNo. 2-11, 2-18, 
5-lf£:f3^T, R 3 C otBWC o (D— gpiiC ujoit^ 
F e-t'g^§tl-C*J'9, RCuffiOC uO-gBliC o *5 
it>*F e-e«^$ttT^fc„ ft&tfHCIi, R 3 Co^O 

R3 (Coi-n F e» Cui ) 

w = 0 . 2 5 , 30 
x ±? 0 . 2 3 

T-fci9, RCufg<75jjaj&f4, 
R (Cui-n Co, Fe, ) 

y^O. 1 0, 
z^O, 12 
X'hotz 0 

[0 0 8 1] *l~3{^£ft63--?-^:/A'ib, 
12, ^1*^X^2 0~4 0^%©®ffl(Cfcofc 0 



[0 0 8 2] <^^^i:t75tb|^>fiScff^ffl-a-^:t L 
"C 

2 9Nd-l B-agBFe «*%) 

8 5Nd-agi5Fe 

^S^rfT^oT^f-^^UNo. 6-1 Srf^» 
Lfe 0 fc/cL, ^gro^fi&Sfi, iiiji£Lfc#ll^3 

-8 0 5 0 8^-^CDHffi0iJ|CpU-C7 0 Otfl 0B# 

[0 0 8 3] £fc, - 8 0 5 0 8 

1rV://PNo. 6-l!CfflV>fc^ft:(C4 
OOtfO. 5^Hft^StrifeLfc^, -^^/HMo. 6 

- 1 bmmi~^xmm&nte\<\ i^tvuno. 6-2<t 
[0084] znh(D^->y-Mz^^xm^^-m& 

Br =8. 6kG, 
HC J =6. 1 kOe, 
(BH)raax = 1 3MG0e 

Br = 8 . 2kG, 
HC J = 5. 1 kOe, 
(BH)max = 1 1 MGOe 

[0 0 8 5] ZkAKDmM&KD&mfrb, 
WbfrXfoZo 

imwnffimtmw] 

[iai] &^-mik£7Fi-mmi j tm'%-mxh-ox%;&ffl<n 



1 *\ . 



(11) #M¥7-2 8 3 0 1 6 

[01] 



jjg ¥ 




I^itttifijE 1 ] 

[ttE*ttMHH«] SIS 

[@1] 




REST Avm i? aoi p copy 



